Introduction
Ever since hypertension was first recognized as a risk factor for cardiovascular disease, it has been identified by measurements made in an office or clinic setting. However, it has been known for more than 50 years that in many individuals these readings tend to be higher than readings taken in other situations. Ayman and Goldshine showed in 1940 (1) that when hypertensive patients had their blood pressure measured at home by a family member, the recorded pressure could be as much as 30 mmHg lower than the readings taken by physicians in their office. At about the same time, Alam and Smirk (2) introduced the concept of casual and basal blood pressure; they showed that when people were allowed to relax for 90 min the blood pressure might be 20 or 30 mmHg lower than when first taken. They defined the casual pressure as the initial pressure taken without any rest, and the basal pressure was the minimum value obtained after a prolonged period of rest. Smirk's idea was that the basal pressure was the better predictor of cardiovascular risk (2) . The difference between the casual and basal pressure was termed the supplemental pressure, and was roughly equivalent to what we now refer to as the white coat effect (WCE), as described below. For clinical practice, hypertension has always been defined by an arbitrary threshold level (typically 140/90 mmHg) based on casual measurements, above which an individual is identified as being hypertensive, and below which he or she is classified as normotensive. A major implication of this is that anyone who tends to exhibit an exaggerated increase of pressure during a clinic measurement will be labeled as being hypertensive.
For many years, the use of conventional clinic measurements for defining blood pressure status went unchallenged. The first seeds of doubt were sown when Sokolow and his colleagues published the first papers using ambulatory blood pressure monitoring (ABPM) in the 1960s. One of these found that the ambulatory blood pressure was a better predic-tor of target organ damage than the casual blood pressure (3), and it was subsequently shown that ABPM also was a better predictor of risk of cardiovascular morbidity (4) . Since then, the gradual acceptance of ABPM as an improved method for classifying the blood pressure status of patients with suspected hypertension has been driven by the publication of a series of studies that have confirmed that ABPM is a better predictor of target organ damage and risk than conventional clinic measurements.
The use of home-or self-monitoring of blood pressure (SBPM) has been rapidly gaining ground as a more convenient method of out-of-office blood pressure measurement, and while the data are not as comprehensive as with ABPM, there is now good evidence that SBPM also gives better estimates of target organ damage and prognosis than clinic blood pressure (5, 6) .
As a result, we now have two independent techniques for measuring blood pressure in clinical practice: conventional clinic or office measurement and out-of-office measurement. For the latter, ABPM is presently the gold standard. This means that we can define hypertension independently by each of the two methods, which together will yield the following four potential groups of patients: 1) those normotensive by both methods (true normotensives); 2) those hypertensive by both methods (true, or sustained hypertensives); 3) those hypertensive by clinic measurement and normotensive by ambulatory measurement (white coat hypertensives); and 4) those normotensive by clinic measurement and hypertensive by ambulatory measurement (see Fig. 1 ). From a clinical point of view, the first two groups are easy to deal with, since both methods give the same classification. Of more interest are the groups for which there is disagreement. The third group of patients, usually referred to as white coat hypertensives, or less frequently as isolated office hypertensives, have been extensively studied, and are generally accepted as being at relatively low risk of cardiovascular morbidity (7), a view which is consistent with the concept that ambulatory pressure is a better predictor of risk than clinic pressure. However, it must be admitted that not everyone shares the view that white coat hypertension is benign, particularly because there are studies that have shown that it may be associated with some degree of target organ damage.
Up to now, little attention has been given to the fourth group, who were originally given the awkward titles of "reverse white coat hypertensives" or "white coat normotensives" (8, 9) . If it is true that the ambulatory pressure gives the better classification of risk, this would imply that these people should be regarded as being genuinely hypertensive, as argued below. We have proposed that the phenomenon should be called "masked hypertension," on the grounds that the hypertension is not detected by the routine methods (10) .
How Should Masked Hypertension Be
Defined?
The general definition of masked hypertension is a combination of a normal clinic or office blood pressure plus an elevated blood pressure when out of the office. There is little disagreement as to what constitutes a normal clinic pressure, since 140/90 mmHg is the universally accepted threshold for the majority of hypertensive patients, and it is also accepted that repeated measurements should be used for establishing the definition. What is more problematic is the definition of an elevated out-of-office measurement. Here there are two issues: should the definition be based on ambulatory or selfmonitored readings, and should it be based on measurements made at a particular time of day? The same issues, of course, apply to the definition of white coat hypertension, the mirror image of masked hypertension. Traditionally, white coat hypertension has been defined by the average daytime ambulatory blood pressure, where 135/85 mmHg is the most widely accepted threshold (11) . This allows for the WCE which is present in the majority of hypertensive patients, and is defined as the difference between the clinic and daytime pressure. It can be positive or negative, and is about 5 mmHg on average in hypertensive patients, such that a clinic pressure of 140/90 mmHg is roughly equivalent to a daytime pressure of 135/85 mmHg. We have argued previously that white coat hypertension should not be defined solely on the basis of self-measured blood pressure, on the grounds that these readings tend to be taken at times of relative quietude, and may miss a persistently elevated pressure during working hours, for example (12) . Nevertheless, as described below, there is increasing evidence that self-measured blood pressure may be a better predictor of risk than clinic pressure (13) . The objective for the definition of white coat hypertension is to identify patients who are at low risk of high blood pressure, and thus from whom unnecessary antihypertensive treatment can be withheld.
With masked hypertension, the objective is to identify patients who are either not receiving treatment that would benefit them, or who are being treated inadequately, in both cases because the clinic pressure underestimates the true pres- 
Causes of Masked Hypertension
What factors might lead to masked hypertension? In principle, there are two groups of factors, which are not mutually exclusive. First, the clinic pressure could be relatively low in relation to the ambulatory pressure, or second, there could be factors which selectively raise the ambulatory pressure. A third group includes factors that cannot be specified as exclusively affecting one of the two sets of measurements that are used to define the condition, such as age and gender.
Reduced Clinic Pressure
Some years ago we observed that in normotensive individuals the clinic pressure was not generally higher than the ambulatory pressure, whereas in hypertensives the clinic pressure was typically higher, even during the hours of work (20) . We suggested that the reason for this might be that hypertension is diagnosed on the basis of a high clinic pressure, so any individual who has a tendency for the clinic setting to cause a rise of pressure will be selected out and labeled as being hypertensive. There has been considerable discussion as to how the WCE should be defined; while there is agreement that the physician-measured pressures are one of the components, there is much less agreement as to what the other should be. For practical purposes, the difference between the clinic and daytime ambulatory pressures has clinical relevance, since both have been related to clinical outcome, and there is a substantial body of literature showing that the WCE when measured in this way does not relate to either clinical outcome or target organ damage (21) (22) (23) (24) . This measure of the WCE has been criticized on the grounds that the ambulatory blood pressure does not represent a truly "basal" or resting pressure, since it will be affected by factors such as physical and mental activity, and smoking (25) . It has therefore been proposed that a better measure would be the blood pressure taken with the patient resting, some time before the physician's reading is taken, and this has been referred to as the "true" WCE. This measure is certainly different from the ambulatory WCE. Although Lantelme et al. (22) found a weak correlation between the two WCE measures (r= 0.31, p= 0.004), Palatini et al. found none (26) . Munakata et al. found that the true WCE, measured with a Finapres device, correlated with left ventricular mass index in men, but not in women (27) , but Lantelme et al. (22) found no relationship in either sex. Palatini et al. (26) found a significant correlation between the true WCE and the blood pressure response to a speech task (r= 0.50, p< 0.001). Hypertensive patients with a strongly positive WCE (average change of systolic blood pressure +23.1 mmHg) did not show higher heart rate changes during a doctor's office visit (5.5 vs. 3.7/min) than those with a small WCE (+3.9 mmHg). The average WCE for normotensives was 8.1 mmHg for blood pressure and 0.3 bpm for heart rate. The blood pressure response to a speech task was also greater in hypertensives with a very large WCE (+60.7 mmHg) than in those with a smaller WCE (+39.7 mmHg), but again the heart rate responses were not different. The variability of daytime ambulatory blood pressure was not greater in the patients with the biggest WCE. These studies emphasize several points: first, the WCE is not a manifestation of a generalized increase of blood pressure reactivity or variability, and second, the changes of blood pressure are not closely linked to changes of heart rate, as might be expected if the WCE was simply an exaggerated arousal response.
We have compared the two methods of defining the WCE in hypertensive and normotensive subjects who were evaluated by a series of resting measurements made in the office setting, and by ABPM over a 3-day period. On Day 1, subjects had resting pressures measured in a research laboratory that was not part of the clinic setting, and by a research assistant who was trained to minimize the "medical" aspects of the procedure, and to make no reference to the physician or the clinic. After this the participants were fitted with an ambulatory monitor, which they wore for the next 24 h, at which time they returned to the hospital, but this time the measurements were taken in a medical clinic, and the subjects were informed that readings would be taken by a physician. Readings were taken first in the waiting room, then in the examination room before the physician entered, and then by the physician. The WCE could thus be expressed both as the "ambulatory" WCE and the "true" WCE, the former by taking the daytime average as the resting value, and the latter by taking the resting pressure on Day 1. In normotensive subjects both methods produced a negative WCE. Although there was some increase of blood pressure in the waiting room and the exam room on Day 2 when compared with the Day 1 levels, the physician readings were actually a little lower than the readings taken immediately before, and as we have observed previously, the physician readings were also lower than the daytime average. The latter is not surprising, given that the physician readings were taken with the subject seated at rest, while the ambulatory readings were recorded during normal daily activities. Our study included four groups of subjects: true normotensives, true hypertensives, white coat hypertensives, and masked hypertensives. Two groups showed positive WCE (the true and white coat hypertensives), while two had negative WCE (true normotensives and masked hypertensives).
Although the absolute values of the ambulatory and true WCE were different, the same groups showed positive and negative WCE by both classifications. Subjects were also asked to self-rate their level of anxiety at the time of each blood pressure measurement. Here again, the same pairing of the four groups was observed. Two scored relatively high on anxiety throughout both days of the study (the true and white coat hypertensives), while two were consistently low (the masked hypertensives and true normotensives). Only the white coat hypertensives showed any marked increase of anxiety at the time of the physician's measurements. Thus subjects who showed a positive WCE tended to score high on anxiety, while those who showed a negative one scored low. We suspect that the explanation for this difference is a labeling phenomenon: subjects who are told that they are hypertensive become more anxious in a clinic setting, and this fosters a positive WCE. This in fact was well described some years ago by Rostrup et al., who studied a group of 32 young Norwegian men who were found to have high blood pressure on screening for military service (28, 29) . The subjects were divided into two groups, one of which was informed that their pressures were high, while the other was not. Two weeks later they returned for a second series of measurements, which included reactivity testing. The group that had been labeled as being hypertensive showed a persistently higher blood pressure throughout the 45 min of testing than the uninformed group.
We believe that a positive WCE, such as occurs in white coat hypertension, may in part be a conditioned anxiety response that is relatively specific to the clinic setting. This, of course, does not explain the negative WCE that characterizes masked hypertension. A negative WCE does not necessarily mean that the clinic pressure actually decreases at the time of measurement, although our data are consistent with this, since the resting pressure on Day 1 was actually higher than the physician-measured pressure.
Increased Ambulatory Pressure
Many factors could selectively elevate the ambulatory pressure. These include lifestyle factors such as smoking, alcohol, physical activity, and mental activity (stress).
Smoking
We showed many years ago that smokers tend to have high daytime ambulatory pressures (when they are likely to be smoking) in comparison with their clinic pressures (when they are not likely to be smoking) (30) . In our study we found a non-significant tendency for masked hypertensives to be smokers (23% vs. 16%) or former smokers (43% vs. 29%) rather than true normotensives (9) . The Second Australian National Blood Pressure Study described above also found that smoking predicted masked hypertension (31) . The SHEAF study (6, 32) , which recruited elderly hypertensive patients on treatment, whose out-of-office pressure was evaluated by self-monitoring, reported that smoking (classified as active or former) was highest in the masked hypertensive group (35.0%, as compared to 34.4% in the uncontrolled hypertensives, 23.6% in the white coat hypertensives, and 27.6% in the controlled hypertensives, p< 0.001). The data were also analyzed according to the WCE. In the group with a negative WCE (equivalent to the masked hypertensives), 36.4% were current or past smokers, while in those with a small WCE the rate was 32.5%, and in those with a positive WCE it was 26.1%. These differences were actually most marked in patients who classified themselves as former smokers (28.8% of the negative WCE group, p< 0.001), and not significant for current smokers (7.6%). This puts into question the explanation offered above, that the reason for the negative WCE in smokers was that they were smoking during the out-of-office blood pressure measurement procedures but not during the clinic measurements, since the differences were most marked in the former smokers. However, it is possible that many of the former smokers were actually still smoking, as the numbers of self-reported current smokers was very low. In a study of 319 clinically normotensive volunteers, Selenta et al. (33) found that 23% had masked hypertension, and that they tended to be male, past smokers. In our Cornell Worksite study, we found that blood pressure at work tended to be higher in smokers (by 4/0.5 mmHg) and those who drank alcohol (by 3.9/2.9 mmHg), although the differences were not quite significant (34) . In the Second Australian National Blood Pressure Study (31), which recruited patients over the age of 65 who had a clinic pressure of 160/90 mmHg or higher, ABPM was performed in a subset of 713 of them before starting treatment, and in 21% of these patients there was a reverse WCE (daytime pressure higher than the clinic pressure). Two characteristics of these patients were that they were more likely to be males and smokers.
Alcohol
The pressor effect of alcohol is another potential contributor to masked hypertension, although the evidence is relatively weak. There was a non-significant trend in the Cornell Worksite study for subjects who drank alcohol to have a high work blood pressure (by 4/3 mmHg), and in a study of Japanese hypertensive patients regular alcohol drinking was associated with masked morning hypertension as detected by self blood pressure monitoring (35) .
Physical Activity
Subjects who are more physically active during the day will tend to have higher daytime pressures (36) . An important question arising in this context is whether the nighttime pressure is also raised. In general, hypertensive patients show a sustained elevation of blood pressure over 24 h relative to normotensive subjects, without much change in the diurnal rhythm of blood pressure. We found that the elevation of blood pressure in masked hypertensives as compared with the blood pressure in true normotensives was 13/3 mmHg for the clinic pressure (the average clinic pressure in the masked hypertensives, however, was still well within the normal range of 122/80 mmHg), 17/10 mmHg for the work pressure, 18/9 mmHg for the home pressure, and 11/7 mmHg for the sleep pressure (9) . Thus the elevation of blood pressure in masked hypertension appears to be more marked during the day than at night. Experimental evidence that supports the concept that the blood pressure does not have to be raised throughout the day and night to have adverse effects comes from a series of animal experiments performed by Julius et al., who induced a transient neurogenic hypertension in dogs by thigh compression applied for 6 h a day over a period of 9 weeks (37). This raised the blood pressure for as long as it was applied, but after several months there was no increase in the resting blood pressure. There was, however, an increase of left ventricular mass.
Stress
A fourth factor may be exposure to stress during the daytime hours. The issue of masked hypertension was discussed in one of our previous papers (38) , where we referred to it as occult workplace hypertension. We found that 36 of 467 men in the Cornell Worksite study had masked hypertension, defined as a daytime ambulatory diastolic pressure > 85 mmHg, and a clinic pressure < 85 mmHg, but the prevalence was no higher in the men exposed to job strain than in those with less stressful jobs. This may be because, as we found in other analyses, job strain has a sustained effect on blood pressure over 24 h, and thus it would be expected to affect the clinic pressure as well as the ambulatory pressure.
Other Factors
There are several other factors that are associated with masked hypertension but which are not clearly related to either the office or the daytime blood pressure, such as gender and age.
Gender
A French study called SHEAF (Self measurement of blood pressure at Home in the Elderly, Assessment and Follow-up) (32) recruited 5,211 patients over the age of 60 who were either hypertensive in the clinic or taking antihypertensive medications. About 10% of these were found to have higher pressures at home than in the clinic, and they appeared to be a relatively high risk group: they tended to be older, and were more likely to be male and to have diabetes or a history of stroke or coronary heart disease than patients whose home and clinic pressures were similar. In previous papers describing both treated and untreated patients with masked hypertension, there is agreement that the percentage of men is higher than women (33, (39) (40) (41) .
Age
Several population studies have compared clinic and ambulatory blood pressures (42) (43) (44) (45) (46) . Some have shown daytime pressures to be a little higher than clinic pressures, while others have found the reverse (45). One important finding from an Italian study has been that the ambulatory pressure shows much less increase with age than the clinic pressure (44) . And in a Danish study (45) 86% of men aged 42 years old had daytime pressures higher than the clinic pressure, whereas this was true of only 51% at the age of 72 years. The WCE is hence more marked in older people, and since masked hypertension is equivalent to a negative WCE, it is reasonable to suppose that masked hypertension would be less prevalent with increasing age.
Prevalence of Masked Hypertension
Another important issue is the prevalence of masked hypertension. While there are no definitive data, the available information in three population-based studies is disturbing (see Table 1 ).
The first was the Ohasama study (47) , conducted in a small Japanese town, which reported that 10.4% of subjects with normal screening blood pressures had ambulatory pressures that were in the "borderline hypertensive" range (ambulatory systolic blood pressure 133-144 mmHg, and diastolic blood pressure 78-85 mmHg), and another 3.2% in the definitely hypertensive range. The second was the PAMELA study quoted above, which found masked hypertension in 9% of subjects (39) ; similarly, Selenta et al. (33) found it in 23% of their "normal" volunteers. However, the PAMELA study used a lower upper limit of normal for the 24-h pressure (125/ 79 mmHg) compared to most other studies, and it could be argued that if a higher level had been used, the number of masked hypertensives would be smaller. But even if the prev- alence was only 5%, this number applies to the whole population, not just the population of hypertensives, so in the case of the United States this might amount to 15 million people. The third was the study of Björklund et al. of a cohort of 70-yearold Swedish men who were all born in the same year. Out of a total of 578 men, 33% were normotensive by clinic measurements, and of these, 14% met the criteria of masked hypertension (48) . Two other studies that were not based on population samples reported a higher prevalence of masked hypertension. The first was our own study (9) , where we found a prevalence of 21%, and the second was a study of 319 clinically normotensive volunteers reported by Selenta et al. (33) . The subjects were evaluated with 5 clinic measurements and 12-h daytime ABPM, and 23% had masked hypertension, defined as a daytime blood pressure above 135/85 mmHg. Subjects with masked hypertension tended to be male, past smokers, and older, and had consumed more alcohol. In 558 clinically normotensive healthy workers in Japan, the prevalence of masked hypertension as evaluated by home blood pressure monitoring was 7.2% (systolic) and 8.7% (diastolic) (49) .
Masked hypertension has also been described in children. In one study of 592 children (mean age 10.2 years) reported by Lurbe et al. (50) , 45 (7.6%) children had masked hypertension. When compared with normotensives, the children with masked hypertension had higher ambulatory pulse rates, were more obese, and were more likely to have a parental history of hypertension at baseline. During a median follow-up period of 37 months, among 34 subjects with masked hypertension, 18 became normotensive, 13 had persistent masked hypertension, and 3 developed sustained hypertension. Patients with persistent masked hypertension (n= 17) or those who progressed from masked to sustained hypertension (n= 3) had a higher left ventricular mass index (34.9 vs. 29.6 g/m 2.7 ; p= 0.023). In another study, masked hypertension was found in 9.4% of 85 children and was only present in children who were not obese. It was associated with a significantly higher left ventricular mass index than in normotensives (51) . Thus masked hypertension appears to be a phenomenon that should be taken seriously in children as well as adults.
Diagnosis and Reproducibility of Masked Hypertension
There is also support for the concept of an adverse prognosis in patients with masked hypertension from home blood pressure data. One of the first publications on this subject was performed in 1993 by Shahab et al., who measured home and clinic blood pressure in a group of healthy young subjects (52) . About 10% of these were classified as "hypertensive at home," with normal clinic pressures and raised home pressures. This group was overweight and had high insulin and low high-density lipoprotein (HDL) cholesterol levels, suggesting that they might be at high risk.
One of the problems when masked hypertension is diagnosed by home monitoring is that blood pressure tends to be higher in the morning than in the evening, and there is no consensus about which time of day the measurement should be performed. Stergiou et al. (53) used the average duplicate data of morning (7 to 10 AM) and evening (6 to 9 PM) measurements, and concluded that home blood pressure can be used as a substitute for ABPM to diagnose masked hypertension. In the PAMELA study (39) , single readings taken at 7 AM and 7 PM were averaged. In the J-HOME study, blood pressure was measured once each morning within 1 h of waking, before taking antihypertensive drugs, and once every evening just before bedtime (54). However, Mallion et al. reported that three measurements at each of two visits are necessary to diagnose masked hypertension properly using office blood pressure, and three measurements in the morning and again in the evening over 2 days are needed for accurate diagnosis by home monitoring (55) . One of the most important issues in masked hypertension is the reproducibility of measurement. At the present time, there are very few data that have systematically investigated this matter. One exception is the study of Lurbe et al., who reported that the blood pressure pattern of masked hypertension persisted in 40% of children over a 3-year period (50) .
There is a suggestion that masked hypertension may be a precursor of true hypertension. In the ongoing HARVEST study (56), Palatini et al. (26) have been following a group of young subjects who were initially identified as being hypertensive by clinic criteria, with both clinic and ambulatory blood pressure measurements. When these measurements were repeated 3 months later, 28% of the originally hypertensive group had normal clinic pressures. Of these, half had normal ambulatory pressures as well, while half (the masked hypertensives) had elevated ambulatory pressures. Over a 6-year follow-up, the masked hypertensives were twice as likely to develop sustained hypertension as the true normotensives. Thus more data are needed to establish the short-term reproducibility of masked hypertension, but there is some evidence that when measurements are made over longer periods of time, masked hypertension may in some cases be a precursor of sustained hypertension.
Target Organ Damage and Prognosis
The first study to look at the issue of target organ damage was our publication of 1999 (9) , in which we showed that a group of patients with masked hypertension had a higher left ventricular mass and more carotid atherosclerosis than true normotensives, and thus were similar to true hypertensives. The LVMI was 73 g/m 2 in the true normotensives, 86 g/m 2 in the masked hypertensives, and 90 g/m 2 in the true hypertensives. Carotid plaque was present in 15% of true normotensives, and in 28% of both the masked and true hypertensives. This was the first finding to suggest that masked hypertensives may be at increased risk of cardiovascular morbidity. More recently, an analysis of the PAMELA data (39) , a population study of 3,200 Italians, classified the subjects in the four groups that we have described above. Individuals with treated hypertension were excluded from this analysis; 67% were true normotensives, 12% true hypertensives, 12% white coat hypertensives, and 9% masked hypertensives. The average clinic pressure in the masked hypertensives was 129/84 mmHg, which while still within the normal range, was higher than that of the true normotensives (112/77 mmHg). The clinic pressure of the true hypertensives was 159/98 mmHg. The left ventricular mass index in the masked hypertensives (91 g/m 2 ) was higher than that in the true normotensives (79 g/m 2 ), and similar to that in the true hypertensives (94 g/m 2 ). In a recent Japanese study, carotid intima-media thickness (IMT) and pulse wave velocity in patients with untreated masked hypertension (defined by home blood pressure) were higher than in normotensive subjects (41) .
There are three papers which have described the cardiovascular prognosis of subjects with untreated masked hypertension. Ohkubo et al. reported that in the Ohasama study cardiovascular mortality and stroke morbidity were increased to the same degree in both masked and sustained hypertension in comparison with normotensive subjects (40) .
Björklund et al. reported that isolated ambulatory (masked) hypertension was a predictor of cardiovascular morbidity in 578 untreated 70-year-old men independent of established risk factors (48) . In the PAMELA study, a population-based study in which only about 10% of the subjects were treated hypertensives, Mancia et al. reported that subjects with masked hypertension had a higher prevalence of cardiovascular and all-cause mortality (57) compared with the subjects with normal office and 24-h blood pressure.
Masked Hypertension in Treated Patients
The issue with treated patients is somewhat different. By definition, these are people in whom a diagnosis of hypertension has already been made, so screening is not an issue.
However, masked hypertension is of potential importance in these patients, because the clinic blood pressure may give a false impression that the blood pressure is adequately controlled. Two important issues here are the prevalence in the population of hypertensive patients who are on treatment, and the impact on prognosis.
Prevalence
The prevalence of masked hypertension in treated hypertensive subjects was 9.4% when assessed with home blood pressure monitoring in the SHEAF study (6) , and 19% in the J-HOME study (54) . The number of home measurements was smaller in the J-HOME study, which could be one reason for the difference. In a survey of patients attending a hypertension clinic, all of whom underwent ambulatory monitoring, Pierdomenico et al. reported that one-third of patients whose blood pressure was controlled by clinic criteria (clinic pressure < 140/90 mmHg) had masked hypertension (daytime pressure < 135/85 mmHg) (58) .
Prognosis
In treated hypertensives it has also been observed that patients whose ambulatory pressure is high in relationship to their clinic pressure are more likely to have increased left ventricular mass than those whose ambulatory pressure is the same or lower than the clinic pressure (59, 60) . These findings are consistent with the view that when there is a discrepancy between clinic and ambulatory pressure, it is the latter that is most closely related to target organ damage. A study by Schillaci et al. (59) included 395 treated hypertensives who were evaluated with clinic and ambulatory monitoring. There was one group that had high ABPM in reference to the clinic pressure, and these patients had greater left ventricular mass and a more concentric pattern of left ventricular hypertrophy than the patients whose ambulatory blood pressure was closer to the clinic pressure. However, they would not strictly be classified as having masked hypertension since the clinic pressures were also elevated (144/89 mmHg).
In the SHEAF study described above (6) , which recruited elderly hypertensives on treatment, the hazard ratio for cardiovascular events was 2.06 (95% confidence interval [CI], 1.22-3.47) in patients with masked hypertension, with the patients whose home and clinic blood pressure were both normal as the referent. Pierdomenico et al. (58) reported the occurrence of fatal and nonfatal cardiovascular events in treated hypertensive subjects classified by the cut off values of 140/90 mmHg for clinic blood pressure and 135/85 mmHg for daytime blood pressure with ABPM. The event-rate per 100 patient-years was 2.42 in the patients with masked hypertension, and 0.87 in those with controlled hypertension. Thus all three studies suggest that masked hypertension in treated patients carries a poor prognosis.
In the Ohasama study, treated masked hypertensive subjects (n= 74) were separately analyzed and an increased hazard ratio for cardiovascular disease mortality/stroke morbidity (heart rate = 1.62 bpm; 95% CI, 0.86-3.07) was observed compared with sustained normotensive subjects (40) .
Implications of Masked Hypertension
It seems clear that masked hypertension should be taken seriously, and is a phenomenon worthy of further investigation. If it is accepted that ambulatory blood pressure gives a better prognosis than clinic blood pressure, and that the correlation between the two is only moderate, it is logical to propose that there will be a significant number of people who are truly hypertensive, but in whom the diagnosis is missed by clinic measurement. But how frequently this phenomenon occurs, and how such individuals should be identified, remains a mystery. Clearly, we cannot argue for screening of the gen-eral population, but there are many patients who are referred for suspected hypertension who turn out to have normal clinic pressures on repeat testing. Perhaps some of them would benefit from ambulatory monitoring to rule out masked hypertension.
The implications of the concept that there are a substantial number of people in the general population who have undiagnosed and untreated hypertension which puts them at increased risk of cardiovascular disease require serious consideration. Thus, it would significantly change the number of people in the population who have "hypertension" that requires treatment. On the basis of clinic pressures the official estimate from surveys performed in the United States, such as NHANES, is that there are about 65 million hypertensive people (61). If we accept that white coat hypertension is present in 15% of these, we would reduce the number at risk by nearly 10 million, leaving 55 million who are hypertensive by both clinic and ambulatory criteria. But if we also include the masked hypertensives, who as we saw above may comprise as many as 10% of the total population, we would need to add 10% of 300 million, which is another 30 million people. Thus the total population with ambulatory hypertension would increase to 85 million. Looked at another way, the current clinic-based definition of hypertension correctly identifies 55 million people who are truly hypertensive, but incorrectly identifies or fails to identify another 40 million, either because of false positives (10 million white coat hypertensives) or false negatives (30 million masked hypertensives). Thus for every two people that are classified properly, there is another one person who it misclassified-not a very good record for a diagnostic test.
What are the practical implications of masked hypertension? It would clearly be inappropriate to say that everyone should be screened with ambulatory blood pressure monitoring. Before we translate these considerations into clinical practice we need more prospective data to show that masked hypertension does indeed increase cardiovascular risk. Ideally, we should also like to know if treating such patients lowers their risk. We also need better means of identifying such individuals, such as the role of home monitoring. It may be that masked hypertension is a precursor of sustained hypertension. We see many patients who have a history of occasional high blood pressure readings, who are normotensive when we check them in our office. One practical point is that we should continue to follow such people rather than dismissing them, and encourage out-of-office monitoring of blood pressure. This would apply particularly to smokers.
There are also important implications for treated patients. Whether or not patients with controlled clinic blood pressure but uncontrolled out-of-office pressures should be labeled as having masked hypertension is debatable, since the diagnosis of hypertension has already been made, but the implications are the same, namely that in these patients the conventionally recorded clinic pressure underestimates their risk. Their existence strengthens the case for recommending home blood pressure monitoring as part of the routine care of hypertensive patients.
